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(54) PLL circuit

(57) Disclosed is a PLL circuit including a deadlock
detection circuit (20) includes a counter circuit (22) for
counting a clock signal. In a deadlock state, the deadlock
detection circuit (20) outputs a deadlock detection signal
responsive to an output signal (TRIG) from the counter

FIG . 2

circuit (22) when the counter circuit (22) has counted a
preset number of the clock signal. The deadlock detec-
tion signal serves to release the PLL circuit from the dead
lock. During the normal operation, the counter circuit (22)
does not impart noise to the PLL circuit.
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Description
FIELD OF THE INVENTION

[0001] ThisinventionrelatestoaPLL circuitand, more
particularly, to a PLL circuit having a deadlock removing
circuit.

BACKGROUND OF THE INVENTION

[0002] Fig.1 shows an illustrative configuration of a
conventional PLL (Phase Locked Loop) circuit disclosed
in Patent Publication 1. This conventional PLL circuit,
shown in Fig.1, includes a phase frequency detector
(PFD) 11, a charge pump circuit (CP) 12, a low-pass filter
(LPF) 13, a voltage-controlled oscillator (VCO) 14, and
a divider circuit (DIV) 15. The phase frequency detector
11 compares the phase of rising of a reference clock
signal (REFCLK) with that of a divided clock signal (DI-
VCLK), output from the divider circuit 15 and, if the divid-
ed clock signal lags or leads the reference clock signal,
the phase frequency detector 11 outputs an up (UP) sig-
nal or a down (DN) signal, each being of a pulse width
corresponding to the phase difference, respectively.
[0003] The charge pump circuit 12 receives UP and
DN signals output from the phase frequency detector 11
and causes the current having a value corresponding to
the pulse width of the UP signal to flow from a power
supply to an output terminal thereof, thereby charging
the output terminal, while causing the current having a
value corresponding to the pulse width of the DN signal
to flow from the output terminal to the ground, thereby
discharging the output terminal. The charge pump circuit
12 outputs fromthe output terminal thereof an error signal
corresponding to the phase/frequency difference detect-
ed by the phase frequency detector 11. The low-pass
filter 13 receives the error signal output from the charge
pump circuit 12 and generates a control voltage which is
obtained by smoothing the error signal. The voltage-con-
trolled oscillator 14 receives the control voltage output
from the low-pass filter 13 and generates an output clock
signal, the frequency of which is subjected to change to
a higher value or to a lower value depending on a higher
or lower value of the control voltage, respectively. The
divider circuit 15 receives the output clock signal (VCO-
CLK) output from the voltage-controlled oscillator 14 and
divides the output clock signal (VCOCLK) by a preset
frequency division ratio to output the divided clock signal
(DIVCLK). In this manner, the PLL circuit performs feed-
back control so that the reference clock signal (REFCLK)
and the divided clock signal (DIVCLK) becomes coinci-
dent in phase and frequency with each other and hence
the frequency of the output clock signal (VCOCLK) of the
voltage-controlled oscillator 14 becomes a preset multi-
ple of the frequency of the reference clock signal (REF-
CLK).

[0004] In unstable states, such as on power up, the
oscillation frequency of the voltage-controlled oscillator
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14 may become unusually high to exceed the limit of the
toggle frequency of the divider circuit 15. In case the fre-
quency of the output clock signal (VCOCLK) fed to the
divider circuit 15 exceeds the maximum toggle frequency
of the divider circuit 15, the divider circuit 15 continues
to output a fixed level, as a result of which the phase
frequency detector 11 continues to output the UP signal.
This leads to a deadlock state in which the PLL circuit is
unable to act as a negative feedback loop. In order to
take a measure to meet the situation, the PLL circuit
shownin Fig.1includes a deadlock detection circuitmade
up by a power-on reset circuit 25, a flip-flop 26, and an
NMOS transistor 3. This deadlock detection circuit oper-
ates as follows:

First, until such time that the power supply voltage
on power up reaches a preset value, an output signal
of the power-on reset circuit 25 is activated to reset
the divider circuit 15 as well as to set the flip-flop 26.
An output of the flip-flop 26 turns the transistor 3 on
to discharge an output of the low-pass filter 13.

[0005] Consequently, the voltage-controlled oscillator
14 oscillates at a low frequency without oscillating at an
unusually high frequency. When the power supply volt-
age then reaches a preset value, an output signal of the
power-on reset circuit 25 is inactivated to release the
reset state of the divider circuit 15. The divider circuit 15
divides the frequency of the output of the voltage-con-
trolled oscillator 14 to output the divided clock signal (DI-
VCLK). By the divided clock signal, the flip-flop 15 is reset
to turn off the NMOS transistor 3. As from this time, the
PLL circuit commences its normal operation.

[Patent Document 1]

[0006] JP Patent Kokai Publication No. JP-A-

11-103249
SUMMARY OF THE DISCLOSURE

[0007] With the above-described conventional PLL cir-
cuit, it is possible to prevent the circuit from falling into a
deadlock state in an unstable state prevailing at the time
of power up. However, if, in the course of subsequent
operation, the oscillation frequency of the voltage con-
trolled oscillator becomes unusually high by some reason
or other, or the oscillation of the voltage controlled oscil-
lator is halted, such that the PLL circuit has fallen into a
deadlock state, the PLL circuit cannot be restored to its
normal state except if the power-on resetting circuit is
again set into operation. It is therefore desirable that,
when the PLL circuit has fallen into a deadlock state, the
deadlock state can be automatically detected such that
the PLL circuit can be automatically reverted to its normal
operation.

[0008] In view of the above depicted status of the art,
the present invention provides a PLL circuit comprising
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a phase frequency detector for comparing the phase or
the frequency of a reference clock signal with the phase
or the frequency of a divided clock signal to output an
UP signal or a DN signal depending on whether the phase
of the divided clock signal leads or lags the phase of the
reference clock signal, respectively, or on whether the
frequency of the divided clock signal is lower or higher
than the frequency of the reference clock signal, respec-
tively, a charge pump circuit for causing current to flow
out to an output thereof and to flow in from the output
thereof, responsive to the UP signal and to the DN signal,
respectively, for generating an error signal associated
with phase or frequency difference detected by said
phase frequency detector, a low-pass filter for smoothing
the error signal to output a control voltage, a voltage con-
trolled oscillator for generating an output clock signal, the
frequency of which is changed to a higher or lower value
depending on the higher or lower value of the control
voltage, a divider circuit for dividing the frequency of the
output clock signal by a preset frequency division ratio
to output the divided clock signal, and a deadlock detec-
tion circuit for detecting a deadlock state of the PLL circuit
to output a deadlock detection signal. The deadlock de-
tection circuit includes a counter circuit for counting a
clock signal. The deadlock detection circuit outputs the
deadlock detection signal responsive to a signal output
when the counter circuit has counted a preset number of
the clock signal in the deadlock state. The deadlock state
is removed by the deadlock detection signal.

[0009] According to the present invention, a deadlock
detection signal is output responsive to an output signal
outputwhen a preset number of clocks has been counted
in a deadlock state by a counter circuit, and the deadlock
state is removed by the deadlock detection signal, as a
result of which, the deadlock state can be detected reli-
ably to render it possible to release the PLL circuit auto-
matically from the deadlock.

[0010] The meritorious effects of the present invention
are summarized as follows.

The present invention provides a PLL circuit including a
deadlock detection circuit enabling the PLL circuit to be
freed automatically from the deadlock and which does
not operate as a noise source otherwise affecting the
PLL circuit during the normal operation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig.1 is a diagram showing the configuration of a
conventional PLL circuit.

Fig.2 is a diagram showing the configuration ofa PLL
circuit of the first embodiment of the present inven-
tion.

Figs.3A, 3B, 3C and 3D are timing charts showing
the operation of the PLL circuit.

Fig.4 is a diagram showing the configuration of a
counter circuit in the PLL circuit of the presentinven-
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tion.

Fig.5 is a diagram showing the configuration of a
VCO resetting circuit in the PLL circuit of the present
invention.

Fig.6 is a timing chart at the time of deadlock in the
PLL circuit of the present invention.

Fig.7 is a diagram showing the configuration of a
deadlock detection circuit of a second embodiment
of the present invention.

Figs.8A and 8B are diagrams showing the configu-
rations and the operations of a pulse cutting circuit
in the second embodiment of the present invention.

PREFERRED EMBODIMENTS OF THE INVENTION

[0012] Referring to the drawings, preferred embodi-
ments of the PLL circuit of the present invention will be
described in detail.

[First Embodiment]

[0013] Fig.2 is a block diagram showing the configu-
ration of a PLL circuit according to an embodiment of the
present invention. Referring to Fig.2, the PLL circuit ac-
cording to the present embodiment comprises a phase
frequency detector (PFD) 11, a charge pump circuit (CP)
12, a low-pass filter (LPF) 13, a voltage-controlled oscil-
lator (VCO) 14, a divider circuit (DIV) 15 and a deadlock
detection circuit 20. Of these, the phase frequency de-
tector 11, the charge pump circuit 12, the low-pass filter
13, the voltage-controlled oscillator 14 and the divider
circuit 15 are similar to the corresponding components
of the conventional PLL circuit shown in Fig.1.

[0014] The phase frequency detector 11 compares the
phase of a rising edge of a reference clock signal (REF-
CLK) with that of a divided clock signal (DIVCLK) output
from the divider circuit 15. If the divided clock signal lags
the reference clock signal, or is lower in frequency than
the reference clock signal, the phase frequency detector
11 outputs an UP signal, which is a positive going pulse
of a pulse width conforming to the phase difference, as
shown in Fig.3A. At this time, the DN signal is output as
a positive going pulse of a minimum pulse width of the
phase frequency detector 11. If the divided clock signal
leads the reference clock signal, or is higher in frequency
than the reference clock signal, the phase frequency de-
tector 11 outputs a DN signal, which is a positive going
pulse of a pulse width conforming to the phase difference,
as shown in Fig.3B. At this time, the UP signal is output
as a positive going pulse of a minimum pulse width of
the phase frequency detector 11.

[0015] The charge pump circuit 12 causes the current
of a current value corresponding to the pulse width of the
UP signal to flow from a power supply to an output ter-
minal, as an output error signal, while causing the current
of a current value corresponding to the pulse width of the
DN signal to flow from the output terminal to the ground,
again as an output error signal. Thus, the output terminal
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voltage of the charge pump circuit 12 corresponds to the
phase difference detected by the phase frequency de-
tector. The low-pass filter 13 receives the error signal
output from the charge pump circuit 12 and carries out
smoothing of the error signal received to generate a con-
trol signal. The voltage-controlled oscillator 14 receives
the control signal to generate an output clock signal, the
frequency of which is varied to a higher or a lower value
in dependence upon the higher or lower value of the con-
trol voltage, respectively. The divider circuit 15 receives
the output clock signal from the voltage-controlled oscil-
lator 14 and divides the output clock signal by a preset
frequency division ratio to output the divided clock signal.
In this manner, the PLL circuit performs feedback control
to bring the reference clock signal and the divided clock
signal into coincidence with each other in phase and fre-
quency, so that the reference clock signal will be syn-
chronized as to the phase with the divided clock signal.
At this time, the DN signal and the UP signal are output
as positive going pulses of the minimum pulse width of
the phase frequency detector 11, as shown in Fig.3C.
[0016] If the PLL circuit falls into a deadlock state by
some or other reason, such as by cessation of oscillation
of the voltage-controlled oscillator 14 or by unusual in-
crease of the oscillation frequency, the divided clock sig-
nal output from the divider circuit 15 becomes fixed at a
high or low level, while the UP signal and the DN signal
are fixed at a high level and a low level, respectively, as
shown in Fig.3D.

[0017] The deadlock detection circuit 20 in the present
embodiment comprises aninverter 21 which receives the
UP signal from the phase frequency detector 11, a coun-
ter circuit 22 which receives the reference clock signal
(REFCLK) and an output signal of the inverter 21 at its
clock inputterminal and atits reset terminal, respectively,
to output a trigger output signal (TRIG), and a VCO re-
setting circuit 23 which receives the trigger output signal
(TRIG) output from the counter circuit 22 and supplies a
VCO resetting signal to an reset terminal of the voltage
controlled oscillator 14.

[0018] Fig.4 shows an illustrative configuration of the
counter circuit 22. Referring to Fig.4, the counter circuit
22 is configured as a 23 counter, composed by three D-
flip-flops 30, 31 and 32. To D-input terminals of the D-
flip-flops 30, 31 and 32 are connected to respective in-
verting output terminals (QB). To each of the reset input
terminals (RST) of the D-flip-flops 30, 31 and 32 is sup-
plied aninverted version of the UP signal from the inverter
21. The clock terminal of the D-flip-flop 30 is supplied
with the reference clock (REFCLK). The inverting output
(QB) of the D-flip-flop 30 is connected to the clock termi-
nal of the D-flip-flop 31. The inverting output (QB) of the
D-flip-flop 31 is connected to the clock terminal of the D-
flip-flop 32. An output signal from the non-inverting output
terminal (Q) of the D-flip-flop 32 is supplied, as the trigger
output signal (TRG), to the VCO resetting circuit 23.
[0019] Fig.5 shows an illustrative configuration of the
VCO resetting circuit 23. Referring to Fig.5, the VCO re-
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setting circuit 23 comprises a delay circuit composed of
an odd number of inverters (INV1 to INVn) and a NOR
circuit 24. The NOR circuit 24 outputs an inverted logical
sum of the trigger output (TRG) and a signal (A) corre-
sponding to the trigger output (TRG) delayed by the delay
circuit. The VCO resetting circuit 23 outputs a one shot
pulse signal of a pulse width corresponding to the delay
time (d) of the delay circuit, at the falling edge of the
trigger output signal (TRG). A VCO resetting signal
(VCORST) which is one shot pulse signal output from
the VCO resetting circuit 23 is supplied as a deadlock
detection signal, to a reset terminal of the voltage-con-
trolled oscillator 14.

[0020] Fig.6 is a timing chart showing the operation of
the PLL circuit when the PLL circuit has fallen into the
deadlock state. If, after phase synchronization of the ref-
erence clock signal with the divided clock signal, the PLL
circuit falls into deadlock by some reason or other, the
divided clock signal (DIVCLK) is at a fixed level. In Fig.
6, the divided clock signal (DIVCLK) is fixed at a low level.
[0021] When the divided clock signal (DIVCLK) has
become fixed at a low level, the UP signal and the DN
signal become fixed at a high level and in at a low level,
respectively. The counter circuit 22, which has so far
been reset every period of the divided clock signal (DI-
VCLK), by a signal (RST) which is obtained by inverting
the UP signal by the inverter 21, commences to count
the reference clock signal (REDCLK). When the count
value of the reference clock signal (REDCLK) by the
counter circuit 22 becomes 22, the trigger output signal
(TRIG) goes to a high level and when the count value of
the reference clock signal (REDCLK) by the counter cir-
cuit 22 becomes 23, the trigger output signal (TRIG) un-
dergoes a transition from a high level to a low level. A
VCO resetting signal (VCORST) is output from the VCO
resetting circuit 23 at a falling edge of the trigger output
signal (TRIG) output from the counter circuit 22 which
has counted a preset number, herein 23, of the reference
clock signal (REFCLK). The voltage-controlled oscillator
14, reset by the VCO resetting signal (VCORST), begins
oscillation, and hence the PLL circuit is synchronized af-
ter a preset time interval.

[Second Embodiment]

[0022] Fig.7 shows the configuration of the deadlock
detection circuit 20 in the PLL circuit of a second embod-
iment of the present invention. The configuration of the
deadlock detection circuit 20 according to the present
second embodiment is equivalent to that of the deadlock
detection circuit 20 of the first embodiment, except that,
in the configuration of the second embodiment, there is
newly added a pulse cutting circuit 24. The configuration
ofthe present second embodimentis otherwise the same
as that of the first embodiment described above.

[0023] Fig.8A shows the configuration of the pulse cut-
ting circuit 24. This pulse cutting circuit 24 is supplied
with an inverted version of the UP signal by the inverter
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21 (UPB) to output a resetting signal (RST) to the counter
circuit 22. The pulse cutting circuit 24 is made up by a
delay circuit 27 and an OR circuit 28. The OR circuit 28
is supplied with a signal (UPB), which is an inverted ver-
sion of the UP signal inverted by the inverter 21, and with
a signal (A), which is obtained by delaying the UPB by
the delay circuit 27 a preset delay time (D), to output a
signal corresponding to the logical sum of these two sig-
nals.

[0024] As will be apparent from the timing chart shown
in Fig.8B, the pulse cutting circuit 24 cuts a pulse having
a pulse width not larger than D to output the resetting
signal (RST) which is of a high level at all times. In the
present second embodiment, the UP signal of the small-
est pulse width, output from the phase frequency detector
11 during the normal operation of the PLL circuit, is cut
by the pulse cutting circuit.

[0025] Thus, the counter circuit 22 is not reset every
period of the reference clock signal (REFCLK) by the UP
signal of the minimum pulse width, and is supplied at all
times with the reset signal which then operates to halt
the operation of the counter circuit 22. Thus, with the
present second embodiment, there may be achieved
such a meritorious effect that the operation noise of the
counter circuit 22 is prevented from affecting the PLL
circuit to affect in turn jitter of the output clock signal of
the PLL circuit.

[0026] Intheabove-describedfirstand second embod-
iments, the inverted version of the UP signal which is
fixed at a high level at the time of deadlock, is used as
the resetting signal (RST) for the counter circuit 22.
Hence, during the normal operation, the counter circuit
22 is reset every period of the reference clock signal (RE-
FCLK). However, comparable results may be obtained
with use of the DN signal which becomes fixed at a low
level at the time of deadlock. In this case, the counter
circuit 22 is reset every period of a divided clock signal
(DIVCLK). A logical sum signal of the above two signals
also may be used as the resetting signal (RST). Although
the counter circuit 22 is configured to count the reference
clock signal (REFCLK), it is also possible to count such
a signal, obtained on frequency division of the reference
clock signal at a preset ratio. It is to be noted that any
clock signal other than the reference clock signal may be
used provided that the clock signal used are independent
of output clocks of the PLL circuit, it being sufficient if the
counter used is able to count during the time sufficiently
allowing for deadlock decision in conjunction with the
number of stages of the counter circuit.

Claims
1. A PLL circuit comprising:
a phase frequency detector (11), receiving a ref-

erence clock signal and a divided clock signal,
for comparing phase or frequency of the refer-
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ence clock signal with phase or frequency of the
divided clock signal to output an up signal or a
down signal depending on whether the phase
of the divided clock signal leads or lags the
phase of the reference clock signal, respective-
ly, or on whether the frequency of the divided
clock signal is lower or higher than the frequency
of the reference clock signal, respectively;

a charge pump circuit (12), receiving the up and
down signals, for causing current to flow out to
an output thereof and to flow in from the output
thereof, responsive to said up signal and to said
down signal, respectively, for outputting an error
signal associated with phase or frequency dif-
ference detected by said phase frequency de-
tector;

a low-pass filter (13), receiving the error signal,
for smoothing the error signal to output a control
voltage;

a voltage controlled oscillator (14), receiving the
control voltage for generating an output clock
signal, the frequency of which is controlled to
vary to a higher or lower value in accordance
with higher or lower level of said control signal,
respectively; and

a divider circuit (15), receiving the output clock
signal, for dividing the frequency of the output
clock signal by a preset frequency division ratio
to output said divided clock signal, character-
ized in that the PLL circuit further comprises
a deadlock detection circuit (20) for detecting
the falling of the PLL circuit into a deadlock state
to output a deadlock detection signal;

wherein said deadlock detection circuit includes
a counter circuit for counting a clock signal, said
deadlock detection circuit outputting the dead-
lock detection signal responsive to a signal out-
put from said counter circuit when said counter
circuithas counted a preset number of said clock
signal in the deadlock state, said deadlock state
being removed by said deadlock detection sig-
nal.

The PLL circuit as claimed in claim 1, wherein said
counter circuit is reset responsive to said up signal
or said down signal.

The PLL circuit as claimed in claim 2, wherein said
PLL circuit further comprises

a pulse cutting circuit for cutting said up signal or
said down signal having a pulse width not larger than
a preset width;

said counter circuit being reset responsive to an out-
put signal of said pulse cutting circuit.

The PLL circuit as claimed in any one of claims 1 to
3, wherein said clock signal that said counter circuit
counts is the reference clock signal or a signal ob-
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tained on frequency division of said reference clock
signal by a preset frequency division ratio.

The PLL circuit as claimed in any one of claims 1 to
3, wherein said voltage controlled oscillator has a
reset terminal for receiving said deadlock detection
signal output from said deadlock detection circuit,
said voltage controlled oscillator, on receipt of said
deadlock detection signal from said deadlock detec-
tion circuit, being reset to commence oscillation.

The PLL circuit as claimed in any one of claims 1 to
3, wherein said counter circuit has a reset terminal
forreceiving a signal for resetting said counter circuit,
said signal being one selected among an inverted
version of said up signal, said down signal, and the
result of logical operation of said up signal and said
down signal.

A PLL circuit comprising:

a phase frequency detector (11), receiving a ref-
erence clock signal and a divided clock signal
for comparing phase or frequency of the refer-
ence clock signal with phase or frequency of the
divided clock signal to output an up signal and
a down signal depending on whether the phase
of the divided clock signal leads and lags the
phase of the reference clock signal, respective-
ly, or on whether the frequency of the divided
clock signalis lower and higher than the frequen-
cy of the reference clock signal, respectively;

a charge pump circuit (12), receiving the up and
down signals, for causing current to flow out to
an output thereof and to flow in from the output
thereof, responsive to said up signal and to said
down signal, respectively, for outputting an error
signal associated with phase or frequency dif-
ference detected by said phase frequency de-
tector;

a low-pass filter (13), receiving the error signal,
for smoothing the error signal to output a control
voltage;

a voltage controlled oscillator (14), receiving the
control voltage for generating an output clock
signal, the frequency of which is controlled to
vary to a higher or lower value in accordance
with higher or lower level of said control signal,
respectively; and

a divider circuit (15), receiving the output clock
signal, for dividing the frequency of the output
clock signal by a preset frequency division ratio
to output said divided clock signal, character-
ized in that the PLL circuit further comprises
a deadlock detection circuit (20) for detecting
falling of the PLL circuit into a deadlock state to
output a deadlock detection signal;

wherein said deadlock detection circuit (20) in-
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cludes a counter circuit (22) for counting a clock
signal, said counter circuit (22) being supplied
with an inverted version of said up signal or said
down signal as a resetting signal, said deadlock
state being removed responsive to a signal out-
put from said counter circuit (22) when said
counter circuit (22) has counted a preset number
of said clock signal.

The PLL circuit as claimed in claim 7, wherein said
PLL circuit further comprises

a pulse cutting circuit for cutting said up signal or
said down signal having a pulse width not larger than
a preset width;

said counter circuit being reset responsive to an out-
put signal of said pulse cutting circuit.

The PLL circuit as claimed in claim 7, wherein said
clock signal which said counter circuit counts is said
reference clock signal or a signal obtained on fre-
quency division of said reference clock signal by a
preset frequency division ratio.
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